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Background: Lyme disease (LD) is the most common tick-borne disease in the United States and in Europe. The
aim of this study was to examine knowledge, perceived risk, feelings of anxiety, and behavioral responses of the
general public in relation to tick bites and LD in the Netherlands.
Methods: From a representative Internet panel a random sample was drawn of 550 panel members aged 18 years
and older (8-15 November 2010) who were invited to complete an online questionnaire.
Results: Response rate (362/550, 66%). This study demonstrates that knowledge, level of concern, and perceived
efficacy are the main determinants of preventive behavior. 35% (n = 125/362) of the respondents reported a good
general knowledge of LD. While 95% (n = 344/362) perceived LD as severe or very severe, the minority (n = 130/362,
36%) perceived their risk of LD to be low. Respondents were more likely to check their skin after being outdoors
and remove ticks if necessary, than to wear protective clothing and/or use insect repellent skin products. The
percentage of respondents taking preventive measures ranged from 6% for using insect repellent skin products, to
37% for wearing protective clothing. History of tick bites, higher levels of knowledge and moderate/high levels of
worry were significant predictors of checking the skin. Significant predictors of wearing protective clothing were
being unemployed/retired, higher knowledge levels, higher levels of worry about LD and higher levels of perceived
efficacy of wearing protective clothing.
Conclusions: Prevention programs targeting tick bites and LD should aim at influencing people’s perceptions and
increasing their knowledge and perceived efficacy of protective behavior. This can be done by strengthening
motivators (e.g. knowledge, concern about LD, perceived efficacy of wearing protective clothing) and removing
barriers (e.g. low perceived personal risk, not knowing how to recognize a tick). The challenge is to take our study
findings and translate them into appropriate prevention strategies.
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Lyme disease (LD) is the most common tick-borne dis-
ease in the United States and in Europe. In the
Netherlands, the number of General Practitioner (GP)
consultations for tick bites has increased from 191 per
100,000 in 1994 to 564 per 100,000 in 2009 [1]. In 1994,
the incidence of patients visiting the GP for Erythema
migrans (EM, an asociated symptom) was estimated at
39 per 100,000 inhabitants. This number increased to
134 per 100,000 in 2009 [1]. Similar trends have been
observed in other European countries [2]. The emer-
gence of Lyme borreliosis may have been partly caused
by an increased awareness among citizens and medical
personnel, and changes in pathogen and vector popula-
tions [3].
Transmission of LD requires the presence in the area
of: (1) the spirochete Borrelia burgdorferii sensu lato (in
Europe) in an animal reservoir that is capable of trans-
mitting the spirochetes to feeding ticks; (2) the vector, in
European ticks belonging to the Ixodes ricinus group;
and (3) susceptible hosts, including humans. Forested
areas and recreational sites such as parks and gardens
are associated with a higher risk of tick bites [4].
In humans LD develops in three stages. In the first
stage (the early localized infection), people may experi-
ence fever, headache, fatigue and depression. The most
commonly recognized symptom at this stage (occurring
in about 90% of patients) is a circular red skin rash
around the place of the tick bite: erythema migrans. An-
tibiotics administered at this stage will prevent further
stages developing. Untreated, the infection may spread
from the site of the bite to other parts of the body, pro-
ducing an array of distinct symptoms that may come
and go, including: additional EM lesions in other areas
of the body, facial or Bell’s palsy (loss of muscle tone on
one or both sides of the face), severe headaches and
neck stiffness due to meningitis (inflammation of the
spinal cord), pain and swelling in the large joints (such
as knees), shooting pains that may interfere with sleep,
heart palpitations and dizziness due to changes in the
heartbeat. This is called the second stage (early dissemi-
nated stage). Many of these symptoms will resolve over
a period of weeks to months, even without treatment.
However, a lack of treatment can result in additional
complications. Approximately 60% of patients with an
untreated infection may begin to have intermittent bouts
of arthritis, with severe joint pain and swelling. Without
treatment, LD enters the third stage after several
months. During this stage, the patients develop chronic
symptoms that can affect a wide range of body parts, in-
cluding the brain, nerves, joints and the heart [5].
Recommendations for first line treatment from most
European countries and the USA specify doxycycline or
amoxicillin, with minor differences in doses andtreatment duration. Both agents have proven efficacy,
but a small proportion of patients have persistent symp-
toms following appropriate treatment for LD [6]. Be-
cause no vaccine is available and effective measures for
controlling tick populations are still in the experimental
phase or insufficient, health education is considered the
most important approach for preventing LD. The Na-
tional Institute of Public Health and The Environment
(RIVM) provides information on public health topics to
professionals and to the general public. This includes a
national guideline on the prevention and control of LD
for professionals [7] and several brochures for the gen-
eral public. In the Netherlands, the local public health
services are responsible for sending out the guideline
and brochures to professionals (e.g. GP’s, camping
holders) and to the public.
Preventive strategies include the avoidance of tick-
infested areas, the use of protective clothing (e.g. wear-
ing long-sleeved shirts and long trouserpants, which
reduce the area of exposed skin), routine body checks
for ticks after being outdoors, and the use of tick repel-
lents on either the skin or clothing.
Despite the availability of Lyme prevention advice,
public compliance with the LD-guidelines could be im-
proved [8]. Surveillance of perceptions and behavioral
responses of the general public to ticks and LD is re-
quired for improving health risk communication and
achieving successful changes in public behavior [9-13].
However, in the Netherlands very little is known about
the perception and protective behavior of people in rela-
tion to the prevention of tick bites and LD [14]. In 2010
Maat and Konings found in their study among 600 resi-
dents in the Southwest of the Netherlands that many re-
spondents lacked skills for recognizing and removing
ticks, underestimated their personal risk for tick bites
and found protective measures exaggerated [15]. They
concluded that new prevention strategies should focus
on self-efficacy, risk perception, and the presentation of
alternative measures, e.g. skin check instead of wearing
protective clothing. In the present study our aim was to
examine the knowledge, perceived risk, feelings of anx-
iety, and behavioral responses of the Dutch general pub-
lic related to ticks and LD. The questionnaire was based
on an integrated model to explain health behavior, in-
cluding constructs from the Protection Motivation The-
ory and the Health Belief Model [16,17]. Protection
Motivation theory has been used as a model for
predicting health behavior. A threat appraisal is formed
by an individual based on their perceived likelihood of a
particular event occurring and their perceived severity of
the event. The way in which an individual chooses to re-
spond to a threatening situation is termed their coping
appraisal, and is based on both the belief that uptake of
a recommended behavior will resolve the threat
Table 1 Perceptions regarding Lyme disease and preventive measures (n = 362)
Gender Age Education Employment status Overall
Male
(%)
Female
(%)
p-
Value
18-29
(%)
30-49
(%)
≥50
(%)
p-
Value
Low
(%)
Middle
(%)
High
(%)
p-
Value
Employed
(%)
Unemployed/
retired (%)
p-
Value
% n/ntot
Knowledge (5 statements)2
4 or 5 correct 31 38 ns 31 35 35 ns 33 35 36 ns 32 38 ns 35 (125/362)
Perceived severity (scale 1-5; not at all – very severe/awful)
Seriousness of LD
score 4-5 (severe/very severe) 93 97 0.047 96 97 94 ns 94 97 93 ns 95 95 ns 95 (344/362)
Severity being diagnosed with LD in the next 12 months
score 4-5 (awful/very awful) 94 97 ns 100 96 94 ns 96 96 95 ns 95 95 ns 95 (345/362)
Perceived vulnerability (scale 1-5; not at all – very susceptible/likely)
Susceptibility to LD
score 4-5 (quite susceptible/very susceptible) 38 34 ns 43 33 36 ns 31 35 44 ns 38 33 ns 36 (130/362)
Likelihood being diagnosed with LD in the next 12 months
score 4-5 (likely/very likely) 4 4 ns 2 4 5 ns 3 7 2 ns 5 3 ns 4 (15/362)
Feelings of concern (scale 1-5; not at all – very worried)
score 3-5 (a bit worried/worried/very worried) 51 55 ns 37 60 54 0.03 53 55 52 ns 56 50 ns 53 (193/362)
Perceived efficacy (scale 1-5; certainly not – certainly)
Wear protective clothing (score 4-5) 92 89 ns 78 91 94 0.005 90 91 90 ns 87 95 0.01 90 (327/362)
Check your skin after being outdoors (score 4-5) 79 87 0.04 88 81 84 ns 82 85 84 ns 82 85 ns 83 (302/362)
Remove tick from your skin (score 4-5) 73 71 ns 73 69 74 ns 68 79 67 ns 72 72 ns 72 (260/362)
Use insect repellent skin products (score 4-5) 31 37 ns 31 39 31 ns 31 39 31 ns 36 31 ns 34 (123/362)
Perceived self-efficacy (scale 1-5; certainly not – certainly)
Wear protective clothing (score 4-5) 40 37 ns 35 31 45 0.04 44 33 39 ns 33 47 0.005 39 (140/362)
Check your skin after being outdoors (score 4-5) 59 69 0.03 69 62 64 ns 67 68 54 ns 63 65 ns 64 (232/362)
Remove tick from your skin (score 4-5) 77 72 ns 78 71 75 ns 69 77 79 ns 74 75 ns 74 (269/362)
Use insect repellent skin products (score 4-5) 21 38 <0.001 26 33 29 ns 36 29 21 0.045 28 32 ns 30 (108/362)
Intention (scale 1-5; certainly not – certainly)
Wear protective clothing (score 4-5) 39 38 ns 24 29 49 <0.001 46 37 30 0.04 28 52 <0.001 38 (139/362)
Check your skin after being outdoors (score 4-5) 48 58 ns 53 54 52 ns 53 57 47 ns 53 54 ns 53 (192/362)
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Table 1 Perceptions regarding Lyme disease and preventive measures (n = 362) (Continued)
Remove tick from your skin (score 4-5) 92 93 ns 88 91 96 ns 93 92 93 ns 91 95 ns 93 (336/362)
Use insect repellent skin products (score 4-5) 17 27 0.03 20 25 21 ns 26 23 15 ns 22 23 ns 22 (80/362)
Behavior (scale 1-4; never - always)
Wear protective clothing (score 3-4) 39 36 ns 28 33 43 ns 37 38 36 ns 31 46 0.002 37 (135/362)
Check your skin after being outdoors (score 3-4) 30 34 ns 39 31 30 ns 27 38 29 ns 32 31 ns 32 (115/362)
Use insect repellent skin products (score 3-4) 7 6 ns 6 8 5 ns 7 4 8 ns 7 5 ns 6 (22/362)
LD = Lyme Disease; 2 The five statements were: people can get Lyme disease after a tick bite; during the summer, the chance on tick bites is higher compared to the winter; ticks mostly fall out of trees; about 1 in 15
people in the Netherlands are yearly bitten by ticks; using repellent skin products can protect against tick bites.
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own ability to effectively perform the behavior (self-
efficacy).
In the Health Belief Model, perceptions of the individ-
ual are at the core of the model, which posits that the
beliefs of individuals about their own susceptibility to a
health threat, their perceptions about the severity of that
threat, and their perceptions about the benefits and bar-
riers associated with a particular protective action, will
determine whether or not they adopt that action. Exten-
sions to the model suggest that the ‘self-efficacy’ (their
belief in their own ability to perform a given behavior)
of an individual also plays a strong role in determining
whether a behavior is adopted, as does the existence of
cues to action that prompt or remind someone to en-
gage in a particlar behavior.
The results will act as a guide for further development
of effective LD prevention programs by identifying those
measures most likely to be adopted by the general public
in the Netherlands.
Methods
Participants
For this study a representative Internet panel was used,
named the Flycatcher panel (http://www.flycatcher.eu).
This panel consists of members from the Dutch general
public who volunteer to participate in online question-
naire surveys. The panel consists of 20.000 members
with a representative distribution of demographic vari-
ables (gender, age, region, and level of education) for the
general Dutch population. The panel meets high quality
requirements and is ISO-certified. A random sample of
550 panel members aged 18 years and older was drawn.
Panel members in this selection were invited to partici-
pate in this study by sending an email with a linking to
an online questionnaire. The survey remained online
from 8 to 15 November 2010. No reminders were sent
out. To motivate enrollment, participants received 1.50
Euro in credits for completion of the survey, which
could be exchanged for gift vouchers.
The nature of this general Internet-based survey
among healthy volunteers from the general population
does not require formal medical ethical approval
according to Dutch law [18].
Questionnaire
The online questionnaire (45 questions) was developed
based on an existing questionnaire used in studies on
risk perception and precautionary behaviors of the gene-
ral public during the 2009-H1N1 flu pandemic and dur-
ing outbreaks of SARS and avian Influenza [19-21]. To
examine people’s perceptions of LD and the preventive
measures and the predictors of protective behavior we
included the following constructs: knowledge, perceivedseverity of and vulnerability to LD, feelings of concern,
perceived efficacy of preventive measures, a person’s abil-
ity (self-efficacy) and intention to take measures, actual
behaviors, and main motivators and barriers taking mea-
sures. Knowledge was examined according to five state-
ments concerning modes of transmission, incidence of
tick bites and preventive measures. For knowledge, a sum-
mary score was created based on the number of correct
answers and dichotomized as 0 (≤3 items correct) or 1
(4-5 items correct). Perceived severity was measured by
two items, namely “How serious do you think Lyme di-
sease is?” and “How awful would it be if you were diag-
nosed with LD in the next 12 months?”. Perceived
vulnerability was also measured by two items, namely “Do
you think that you are susceptible getting LD, if you don’t
take preventive measures?” and “How likely is it that you
will be diagnosed with LD in the next 12 months?”. Feel-
ings of concern were measured by asking respondents
“How worried are you about getting LD?”.
Participants were asked about four preventive mea-
sures for LD, namely: ‘wearing protective clothing that
cover the body (i.e. long trousers/sleeves)’; ‘using insect
repellent skin products’; ‘checking the skin after being
outdoors’ and ‘removing ticks from the skin’. Perceived
efficacy of these preventive measures was formulated as
“Do you think [measure X] helps to prevent Lyme dis-
ease?”; self-efficacy as “Do you think you are able to per-
form [measure X]?”; intention as “Do you intend to
perform [measure X]?’; and behavior as “How often do
you perform [measure X]?”. People who indicated that
they had never performed a certain preventive behavior
were asked to tick a maximum of three barriers from a
list of possible barriers (to which they could add their
own barrier); people who indicated that they had some-
times/often/always performed a certain behavior were
asked to tick a maximum of three motivators from a list
of possible motivators (to which they could and their
own motivator). Barriers and motivators were generated
from the literature (including unpublished/grey litera-
ture) [15,22-24].
Analysis
Descriptive statistics were performed. Due to skewed
distributions, and to aid interpretation of the results,
constructs were dichotomized into low and high scores
(see Table 1), and the Chi-squared test was used to test
the statistical significance of group differences (gender,
age, educational level, and employment status) regarding
knowledge, perceived severity, perceived vulnerability,
feelings of concern, perceived efficacy of preventive mea-
sures, perceived self-efficacy, intention and preventive
measures taken.
Univariate and multivariate logistic regression analyses
were performed to identify factors significantly associated
Table 2 Predictors of wearing protective clothing to prevent tick bites
Characteristics Wearing protective clothing (often/always)
Univariate Multivariate
Row% OR 95% CI p-Value OR 95% CI p-Value
Employment status
employed 31 1.00 1.00
unemployed/retired 46 1.96 1.27-3.03 0.002 1.96 1.24-3.08 0.004
Knowledge
1-3 statements correct 33 1.00 1.00
4-5 statements correct 46 1.80 1.15-2.81 0.01 1.69 1.07-2.68 0.03
Feelings of concern
not (at all) worried (1-2) 28 1.00 1.00
a bit/(very) worried (3-5) 45 2.07 1.34-3.21 0.001 2.22 1.41-3.51 0.001
Perceived efficacy
certainly not, probably not, even (1-3) 17 1.00 1.00
certainly/probably (4-5) 39 3.15 1.27-7.80 0.01 2.97 1.17-7.54 0.02
Gender, age, education, children in household, ethnicity, region of residence in the Netherlands, experienced tick bites in past, frequency of visiting nature,
perceived severity (2 items) and perceived vulnerability (2 items) were not univariately associated with wearing protective clothing.
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after being outdoors. For the multivariate regression ana-
lyses, a backward ‘elimination’ procedure was employed,
starting with all potential independent variables (all vari-
ables with a p-value <0.1 in the univariate analysis), and
then with the least significant variable removed at each
step (the one with the highest p-value), until only statisti-
cally significant predictors (p < 0.05) remained.Table 3 Predictors of checking skin for the presence of ticks t
Characteristics
Ro
Experienced tick bites in the past
no, never
yes, once/repeatedly/outside NL
Knowledge
1-3 statements correct
4-5 statements correct
Perceived susceptibility
not (at all) susceptible (1-3)
(very) susceptible (4-5)
Likelihood being diagnosed with Lyme disease in next 12 month
not (at all) likely (1-2)
a bit/(very) likely (3-5)
Feelings of concern
not (at all) worried (1-2)
a bit/(very) worried (3-5)
Gender, age, education, employment status, children in household, ethnicity, region
(2 items) and perceived efficacy were not univariately associated with checking skinResults
A total of 550 panel members were invited to participate
in this study, of whom 362 completed the questionnaire
(response rate 66%). Of the 362 respondents, 51% was
female (data not shown). The age varied from 18-29
years (14%), 30-49 years (35%) and ≥50 years (51%).
Thirty-seven percent had a low educational level (i.e.
primary education, lower general or lower vocationalo prevent Lyme disease
Checking skin (often/always)
Univariate Multivariate
w% OR 95% CI p-Value OR 95% CI p-Value
27 1.00 1.00
48 2.48 1.48-4.14 0.001 2.19 1.27-3.78 0.005
24 1.00 1.00
47 2.89 1.82-4.59 <0.001 2.83 1.74-4.58 <0.001
25 1.00
44 2.34 1.48-3.70 <0.001 - - -
25 1.00
39 1.92 1.23-3.01 0.004 - - -
20 1.00 1.00
43 3.04 1.89-4.90 <0.001 2.81 1.71-4.60 <0.001
of residence, frequency of visiting nature, perceived severity of Lyme disease
.
Table 4 Main motivators and barriers for measures to
prevent tick bites
Wearing protective clothing %
Motivators (n = 284)
“wearing protective clothing is effective” 53
“high perceived chance of tick bites” 47
“Lyme disease can be severe” 37
“feel responsible for my health” 33
“I follow the advice” 19
Barriers (n = 78)
“wearing protective clothing during summer is too warm” 81
“low perceived chance of tick bites” 30
“wearing protective clothing in nature is overdone” 23
“low perceived chance of Lyme disease” 19
Using insect repellent skin products
Motivators (n = 86)
“Lyme disease can be severe” 45
“feel responsible for my health” 40
“high perceived chance of tick bites” 38
“using repellent skin products is effective” 34
“I follow the advice” 29
Barriers (n = 276)
“do not belief it is effective” 34
“do not like to use insect repellent products for my skin” 32
“too little information is provided” 27
“low perceived chance of tick bites” 23
“using insect repellent skin products is overdone” 22
“I am not familiar with insect repellent skin products” 19
Checking skin after being outdoors/remove tick
Motivators (n = 353)
“Lyme disease can be severe” 64
“checking skin/remove tick is effective” 48
“feel responsible for my health” 44
“I follow the advice” 25
“high perceived chance of tick bites” 18
“high perceived chance of Lyme disease” 16
Barriers (n = 108)
“low perceived chance of tick bites” 35
“do not know how to recognize a tick” 19
“check my skin after being outdoors is overdone” 19
“do not know how to remove a tick” 16
“too little information is provided” 16
Reasons reported by <15% of the respondents are not included in this table.
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general or vocational education), and 25% a higher edu-
cation (i.e. higher professionals education or university).
More than half of the respondents were employed, and
in 36% of the households there were one or more chil-
dren. The overall majority were of Dutch origin. Most
respondents lived in the middle (45%) and the south
(46%) of the Netherlands. Twelve percent of the respon-
dents had had a tick bite once and 9% had repeatedly
had tick bites in the Netherlands. Around half of the re-
spondents were regularly (every week/once a month)
physically active in a garden, 37% visited the woods
regularly and 21% visited open areas regularly.
Knowledge
Of the respondents, 125 (35%) answered at least 4 out of
5 knowledge statements correctly (Table 1) and were
categorized as having “good general knowledge”. The
statements “people can get LD after a tick bite” and
“during the summer, the chance of tick bites is higher
compared to the winter” were correctly answered by the
majority of the respondents (98% and 90% respectively;
data not shown). Remarkably, only 22% were aware that
“using repellent skin products can protect against tick
bites”.
Perceived severity and vulnerability
Of the respondents, 95% perceived LD to be severe or
very severe, significantly more often by female (n = 179,
97%) than by male respondents (n = 165, 93%), (p = 0.047).
Equally, (n = 345), 95% reported that it would be awful or
very awful if they were diagnosed with LD in the next 12
months, while 36% (n = 130) perceived themselves as
quite/very susceptible, and only 4% believed it was likely
or very likely that they would be diagnosed with LD in the
next 12 months. Around half of the respondents reported
feelings of concern about getting LD, significantly less fre-
quently in respondents aged 18-29 years (n = 19, 37%)
compared to the other age groups (n = 176, 57%)
(p = 0.03).
Self-efficacy, response efficacy and intention
Wearing protective clothing and checking the skin after
being outdoors were perceived as the most effective
measures for preventing tick bites. Respondents aged
18-29 and those employed reported high perceived effi-
cacy of wearing protective clothing less often (p = 0.005
and p = 0.01 respectively), whereas male respondents
reported high perceived efficacy of checking the skin
(p = 0.04) less often. Almost three quarters reported high
perceived efficacy of removing a tick from their skin,
and only a minority of the respondents (34%) reported
high perceived efficacy of using repellent skin products.
The majority of respondents reported high perceived
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checking their skin after being outdoors (64%). Female
respondents (p = 0.03) reported high perceived self-
efficacy of checking their skin after being outdoors more
often. Only 39% reported high perceived self-efficacy of
wearing protective clothing, which was more often
reported by respondents aged 50 years and older and
those unemployed/retired (resp. p = 0.04 and p = 0.005
respectively). High perceived self-efficacy of using
repellent skin products was reported by 30% of the re-
spondents. Female respondents (p < 0.001) and lower ed-
ucated (p = 0.045) reported high perceived self-efficacy
for using repellent skin products more often.
The overall majority (93%) reported a high intention
to remove a tick from their skin, if necessary, and 53%
reported high intention for checking their skin. High
intention to wear protective clothing was observed in
38% of the respondents. Respondents aged 50 years and
older (p < 0.001), those with a lower education (p = 0.04)
and unemployed/retired (p < 0.001) reported high
intention to wear protective clothing more often.
Twenty-two percent of the respondents reported high
intention for using insect repellent skin products. Fe-
male respondents reported high intention to use
repellent skin products more often (p = 0.03).
Preventive measures taken
Thirty-seven percent of the respondents reported wear-
ing protective clothing when going into nature areas
(30% who reported this behavior often and 8% always;
data not shown). Unemployed/retired respondents
reported to wear protective clothing more often com-
pared to those employed (p = 0.002). Thirty-two percent
of the respondents reported checking their skin after
they had been outdoors (21% often and 11% always). A
minority (6%) reported to use insect repellent skin prod-
ucts (5% often and 1% always).
Determinants of preventive behavior
Univariate and multivariate logistic regression analyses
were performed to identify factors significantly associ-
ated with 1) wearing protective clothing and 2) checking
the skin after being outdoors. Table 2 shows significant
predictors of wearing protective clothing that were se-
lected using the univariate logistic regression. From the
multivariate logistic regression analysis, predictors of
wearing protective clothing were: being unemployed/re-
tired (OR 1.96; 95% CI 1.24-3.08), higher knowledge
levels (OR 1.69; 95% CI 1.07-2.68), higher levels of con-
cern about LD (OR 2.22; 95% CI 1.41-3.51) and higher
levels of perceived efficacy of wearing protective clothing
(OR 2.97; 95% CI 1.17-7.54). Table 3 shows significant
predictors of checking the skin for the presence of ticks.
From the multivariate logistic regression analysis,predictors of checking the skin were: experienced tick
bites in the past (OR 2.19; 95% CI 1.27-3.78), higher
knowledge levels (OR 2.83; 95% CI 1.74-4.58) and higher
levels of concern about LD (OR 2.81; 95% CI 1.71-4.60).
Main motivators and barriers
Respondents were asked to identify the main motivators
and barriers for wearing protective clothing, using insect
repellent skin products and checking skin/removing
ticks from their skin (Table 4). Overall, the main motiva-
tors that were mentioned were: the perceptions that LD
can be severe, the perception that the preventive mea-
sure is effective in preventing tick bite/LD, a person’s
feeling of responsibility regarding his/her health and the
perception that there is a high chance of tick bites.
Among the 78 respondents who did not wear protective
clothing, 81% reported that as a barrier, wearing protect-
ive clothing in summer is too warm; 30% reported a low
risk of tick bites and 23% perceived that wearing protect-
ive clothing in nature areas is overdone. Of the 276 re-
spondents who did not use insect repellent skin
products, 34% did not believe these products to be ef-
fective, 32% did not like to use insect repellent products
on their skin and 27% reported that too little informa-
tion is provided about preventing tick bites through in-
sect repellent skin products. Of the 108 respondents
who did not check their skin/remove tick, 35% perceived
low risk of tick bites, 19% did not know how to
recognize a tick, 19% thought checking the skin after be-
ing outdoors is overdone, and 16% did not know how to
remove a tick or reported that too little information is
provided.
Discussion
In this study we identified the main predictors and moti-
vators that influence protective behavior for preventing
tick bites and LD. We did this by investigating the
knowledge, perceptions and efficacy beliefs of healthy
people in the general population in the Netherlands, a
country in which the incidence of LD has increased
sharply throughout the past two decades.
Insight into public perceptions and protective behavior
regarding LD is crucial in order to develop a successful
prevention program [9]. We conclude that good general
knowledge about preventing tick bites and LD is scarce,
while the perception of risks and self-efficacy of the
measures varies greatly among the respondents.
Only 35% of the respondents reported a good general
knowledge of LD, and only a quarter were aware that
using repellent skin products can protect against tick
bites. Suboptimal public knowledge regarding LD was
also found in other studies in endemic areas. For ex-
ample, Heller et al conducted a questionnaire study
among 103 Brazilian residents -living in a Lyme disease
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36% of the respondents had never heard of the disease
and 62% were not certain they could recognize the
symptoms [9]. Higher levels of knowledge seem to posi-
tively influence protective behavior as demonstrated by
Gould et al. [10]. However, research in areas where LD
is endemic has demonstrated that despite adequate
knowledge about its symptoms and transmission, many
people do not perform behaviors to reduce their risk of
infection [25]. These findings suggest that a lack of
knowledge is not the only reason for poor uptake of pro-
tective behavior.
Nearly all respondents perceived high severity of LD,
but perceived vulnerability and feelings of anxiety were
lower. The fact that the majority of the respondents per-
ceived low personal risk of LD, implicates some public
underestimation, especially, given the fact that people in
the Netherlands, in particular those who often visit
woodland areas, have a real risk of getting tick bites and
developing LD [26]. The underestimation of risk is
found to have been caused by factors such as lack of
knowledge. Furthermore, if people underestimate their
personal risk they will be less willing to engage in pre-
ventive behavior [13,27].
Higher levels of self-efficacy, respons efficacy and
intention were observed for checking the skin after being
outdoors and removing ticks if necessary. However, lower
levels of (self-)efficacy and intention were observed for
wearing protective clothing and using insect repellent skin
products. The fact that most respondents in our study
were unaware that using repellent skin products can pro-
tect against tick bites, might also be related to the lower
levels of intention to use these products.
The percentage of respondents taking preventive mea-
sures ranged from 6% for using insect repellent skin
products, to 40% for wearing protective clothing. These
percentages are rather low, compared to other studies.
Studies in the US reported that 66%-99% of the respon-
dents took measures to prevent LD [10,22,23]. Further-
more, Heller et al found that the majority (78%) of
the Brazilian respondents wore long trousers when out-
doors and Herrington reported that one-half of the US
respondents also did this [9,24]. The lower levels of
wearing protective clothing in the Netherlands, espe-
cially in the summer, could be caused by the climate.
The Netherlands has a maritime climate, with cool sum-
mers and an average temperature of 19 °C in July. People
in the Netherlands like wearing (light) clothing, such as
shorts and short sleeved shirts, if the temperature in-
creases. Also the fact that people believe that wearing
protective clothing in nature areas is overdone, as
reported in this study, might be a reason for the low
levels of wearing protective clothing as reported by
Cartter et al. [13].One-third of the respondents in our study reported
checking their skin after being outdoors. This is compar-
able with other studies; i.e. Heller et al who described
that only 28% of the Brazilian population check their
skins for ticks [9]. The main barriers for checking skin
for ticks reported in our study were low perceived per-
sonal risk and not knowing how to recognize a tick.
Only 6% of our respondents reported using repellent
skin products. The low use of insect repellent skin pro-
ducts was also been found in other studies. For example,
in Brazil and the US 66% and 69% of the respondents re-
spectively never used insect repellent skin products for
protection against LD [9]. In our study a barrier for
using repellent skin products is that people are not con-
vinced about their efficacy or do not like to use these
products. Herrington investigated barriers for using in-
sect repellent skin products, and found that a substantial
proportion of US respondents believed that using insect
repellent could make them ill [24]. This underlines the
need for people to “believe” in the effectiveness of a
recommended behavior as well as they should have ap-
propriate knowledge on the subject.
There were some differences in public perceptions re-
garding LD among socio-demographic subgroups. For
example, females reported higher levels of perceived effi-
cacy and self-efficacy to check their skin after being out-
doors, whereas older respondents (≥ 50 yrs) reported
higher levels of perceived efficacy, self-efficacy and an
intention to wear protective clothing. However, in multi-
variate analysis, of all socio-demographic variables only
employment status remained a significant predictor for
wearing protective clothing for preventing tick bites.
As reported in our study, having had tick bites in the
past, higher levels of knowledge and moderate/high
levels of concern were significant predictors for checking
the skin. Significant predictors of wearing protective
clothing were being unemployed/retired, higher know-
ledge levels, higher levels of concern about LD and
higher levels of perceived efficacy of wearing protective
clothing. These findings are in accordance with
Herrington [24], reporting that having seen ticks, being
concerned about being bitten, having heard about LD
and knowing someone who had LD are the factors most
predictive of specific tick-bite protective behavior.
Mowbray et al. showed in his review that both know-
ledge and attitudes towards tick-borne disease are amen-
able to change via an education campaign [28].
Unfortunately, in his systematic review of all previous
studies that assessed the impact of education or behav-
ioral interventions on the uptake of behaviors intended
to protect against tick-borne diseases he could find only
nine studies, of which only three took the form of a ran-
domized controlled trial (RCT) [28]. One RCT studied
the willingness to the uptake of a vaccine for LD and
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all used an instructional video with a mock horror movie
theme to improve knowledge, attitudes, and behaviors
towards LD prevention in 13- to 16-year-olds from four
Connecticut towns [29]. One month and six months
after seeing the video, knowledge, attitudes and behavior
had increased significantly in the intervention group.
Another study investigating the effectiveness of an edu-
cational intervention was performed by Daltroy et al. In
over 30000 passengers on ferry boats to a Lyme-
endemic area of Nantucket Island. In this study controls
received education about bike safety, while intervention
participants received information on preventing tick-
borne disease, particularly LD. Information was deli-
vered on board by entertainers to make the messages
more compelling. Two months after the intervention,
experimental participants were more likely than controls
to adopt precautionary behaviors, as well as to check
themselves daily for ticks. In conclusion, future preven-
tion programs for LD should focus on improving public
knowledge, i.e. with regard to disease severity and vul-
nerability, efficacy of measures and on how to take pre-
ventive measures.
This is the first national study to evaluate the per-
ceived LD-risk and protective behavior for LD in the
general public in the Netherlands. Nevertheless, there
are a number of limitations to our study. The majority
of respondents (51%) was older than 50 years. This may
have limited the generalizability of the results, although
older age has not been found to be a distinct factor asso-
ciated with compliance to preventive measures for LD
found in previous studies. Furthermore, potential selec-
tion bias may have been introduced in that only respon-
dents with a computer were interviewed by this online
survey. Finally, cross sectional studies can prove a rich
baseline of data points but should not be used to make
causal statements, given the lack of a temporal sequence
of events.
Conclusion
Our study has several implications for the development
of LD prevention programs. It demonstrates that know-
ledge, level of concern and perceived efficacy of mea-
sures are the main determinants of preventive behavior.
Therefore future prevention programs should focus on
these determinants, for example, by providing facts and
raising awareness about LD and protective measures that
can be taken. Since protective measures like wearing
protective clothing and using insect repellents are not
‘popular’, it is important that prevention programs focus
on removing any barriers for complying with these pro-
tective measures, especially in people who have never
had tick bites and those who are less concerned about
the risks. Furthermore, it is important to tailor theinformation to specific socio-demographic subgroups
and high risk groups.
Promoting preventive measures for LD is really im-
portant since reducing the tick population and develop-
ing a vaccine can only be seen as long-term solutions for
the problems. The results of this study can be used as a
base for developing effective prevention programs that
connect with the needs of the target group, with the
main goal to increase compliance with recommended
measures.
The challenge is to take the principles demonstrated
in this study and apply them to prevention programs.
Some work in this area has already been done. Last year
the Netherlands National Institute of Public Health and
The Environment redesigned the national public infor-
mation campaign on ticks and LD in the Netherlands. In
this campaign the focus was shifted. First, not all pos-
sible evidence based preventive measures on LD were
presented in the communication, instead the focus was
placed on checking the skin and removing ticks. Also a
educational game was developed, called in Dutch:
“Teekcontrol.nl“, to teach children playfully about ticks
and LD. In this online game children can discover where
ticks are most likely to be found and why it is important
to check the skin after playing outdoors. Within 8 -
months of launching over 30.000 children had played
this game. The learning effect of the game will be evalu-
ated in 2012. Furthermore, a mobile phone app on ticks
and LD is currently being developed. This will be based
on a user- centered design. This means that the public
will determine the features of this application.
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